An in vitro regeneration protocol of Adhatoda vasica has been developed using excised nodal segments and juvenile leaves for multiple shoots regeneration directly or through callus induction. Explants were cultured on MS medium with different concentrations of IAA, NAA, BAP, GA 3 and Kn singly or in combinations. MS medium supplemented with BAP (10.0 mg/l) was found best for multiple shoot formation, in which 93.33% explants produced multiple shoots. After two months, maximum number of multiple shoots were 10.6 ± 1.82, highest length of plantlets was 5.2 ± 2.20 cm. 100% calli formation were observed on MS medium supplemented with IAA (0.05 mg/l) + NAA (0.05 mg/l) + BAP (1.0 mg/l). Callus initiation started after 14 days and gave light green colored callus. Best callus mediated shoot regeneration was found on MS+10.0 mg/l BAP medium. Root induction of in vitro raised shoots was best on ½ MS + IBA (1.0 mg/l). Well rooted plantlets were transferred to plastic pots containing garden soil and compost in a ratio of 2:1 for hardening. The ultimate survival rate under natural condition was about 80%.
Introduction
Adhatoda vasica locally known as "Basak" is a very well known medicinal plant, belonging to the family Acanthaceae. It is an evergreen woody shrub widespread throughout the tropical regions of Southeast Asia, including Bangladesh (Chakrabarty and Brantner, 2001) . Adhatoda vasica is a highly reputed plant in Ayurvedic and Unani medicine. Basak leaves have been used extensively primarily for respiratory disorders. It is mainly antispasmodic, fever reducer, anti-inflammatory, anti bleeding, bronchodilator, antidiabetic, antihelminthic, disinfectant, anti-jaundice, antiseptic, oxitocic and expectorant and has many other medicinal applications (Chakrabarty and Brantner, 2001) . Most studied phytochemical active compounds in Adhatoda vasica are vasicine and vasicinone. It is well established now that vasicine is the major as well as the most important active principle of this medicinal plant (Wasserman and Kuo, 1991) . It is reported to be responsible for most of its activities including: antioxidant, anti-inflammatory and bronchodilatory activity. (Amin, and Mehta, 1959; Bruce and Kumar, 1968) . Other chemical compounds found in Adhatoda vasica plant includes essential oils, fats, resins, sugar, gum, amino acids, proteins and vitamins 'C' etc (Bhat et al., 1978) . Additionally, the high phenolic derivative content of essential oils contributes to their antimicrobial properties (Bandini et al., 1981) . The roots also contain alkaloids (vasicinal, vasicinolone, vasicinone and adhatonine), a steroid (daucosterol), carbohydrates and alkanes. In the flowers, triterpenes (α-amyrin), flavonoids (Apigenin, Astragalin, Kaempferol, Quercetin, Vitexin) and alkanes have been found (Haq et al., 1967) . In Bangladesh, Adhatoda vasica grows as a mixed crop in the rubber garden as well as in the tea garden, on the roadside and fallen lands. Adhatoda vasica shows low seed germination and conventional propagation through cutting is very slow (Gauri and Reddy, 2007) . So, the aim of the present study is to develop a suitable in vitro regeneration protocol of Adhatoda vasica Nees.
Materials and methods
The present experiment was conducted in Plant Tissue Culture Section of Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhanmondi, Dhaka. Fresh young leaves and nodal segments of Adhatoda vasica were collected from the plants grown in the BCSIR research field. The fresh juvenile leave, nodal segments and split nodal halves were then used for callus induction and direct regeneration respectively. Leaves and nodal segments of Adhatoda vasica were taken in a 500 ml conical flask for surface sterilization. These explants were kept under running tap water for 30 minutes, then washed with mild detergent and washed with tap water. After this, the explants were taken into laminar airflow cabinet, added 70% alcohol for 1 Surface sterilized leaves were cut into small pieces and 3-4 excised pieces were taken into a conical flask containing agar solidified MS (Murashig and Skoog, 1962) medium supplemented with various concentrations of BAP, NAA, Kn, IAA and GA 3 alone or in combinations for callus induction. All media contained 3% sucrose and 7.0 gm/l agar with pH 5.8 adjusted before autoclaving. Green callus was excised and transferred to fresh MS medium containing similar compositions of plant growth regulators for organogenesis. Nodal explants were cut into one single node and inoculated vertically onto test tubes containing shoot regeneration media. In each test tube a single cutting was placed. All in vitro grown cultures were maintained under illumination on a 12h photoperiod at 25 ± 2 o C. Regenerated shoots were subcultured every four weeks on the freshly prepared same medium. When the regenerated shoots were 4-5 cm in length, they were transferred to freshly prepare medium containing half strength of MS and MS medium with different concentrations of IBA for root induction. Rooted plantlets were transferred to small plastic pots containing sterilized soil and covered with polythene bags to maintain high humidity. After 50 days the acclimatized plants were transferred to larger pots containing garden soil and compost in ratio of 2 : 1 and moist them adequately for proper hardening.
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Results and discussion
In the present study, attempts were made to establish efficient in vitro protocols for large scale production of Adhatoda vasica (Nees) through direct and indirect organogenetic pathways. Direct regeneration and shoot regeneration via callus induction was done with nodal segments and juvenile leaves respectively in this study. MS media in combination with different hormonal supplements namely, IAA, NAA, IBA, BAP, GA 3 and Kn were used singly or in combinations to observe their effect on multiple shoot development form the shoot tip and nodal segment. Among the media components used in this study MS medium supplemented with BAP (10.0 mg/l) showed best response for multiple shoot formation. In this combination about 93.33% explants produced multiple shoots (Table I , Fig. 1b ). Mean number of multiple shoots (10.6 ± 1.82), mean length of plantlets (5.2 ± 2.20) and mean number of leaves (15.6 ± 1.80) were recorded (Table I , Fig. 1d ) after two months. For further multiplication, regenerated shoots were subcultured on the same media. According to Gauri and Reddy (2007) , maximum number of shoots (7.75 ± 0.392) differentiated from split nodal halves on MS medium supplemented with 10.0 mg/l BAP during 4 weeks of culture, but these shoots failed to grow upon subculture in the same medium (Gauri and Reddy, 2007) . MS medium supplemented with coconut water 15.0% + BAP (5.0 mg/l) started proliferated multiple shoots of Adhatoda vasica in 3 to 4 weeks and shoots became 3 cm long in 6 to 8 weeks, was reported best by Raageeva and Shahnawaz (2012) . In a comparison of MS media supplemented with BAP (6.0-10.0 mg/l), it was found that MS + 10.0 mg/l was the best media for shoot elongation (Fig. 1c) . (Table II) . 30 explants were inoculated; callus initiation started from 14 days, 100% explants responded and gave green colour, soft, fast growing callus (Table II, Fig. 2b ). Media containing IBA (1.0 mg/l) with GA 3 (1.0 mg/l) also showed better reponse, callus initiation started from 14 days, 93.33% of responsive explants gave light green colour callus (Table II) . Whereas, Renu, and Nidhi (2011) , got best result for callus induction after using NAA (2.5 mg/L) in combination with BAP (0.5 mg/L). Callus formation was observed after 15 and 21 days, respectively by Sunita and Dhananjay (2010) using MS media supplemented with various combinations of auxin and cytokinin.
Green and light green callii were transferred on MS medium supplemented with BAP (0.5-10.0 mg/l) for callus mediated shoot regeneration. Best result was found from MS + 10.0 mg/l BAP medium (Table III , Fig. 2c ). Callus mediated shoot regeneration of Adhatoda vasica was not reported by other researchers. Most of them used callus for isolation of alkaloids (Sunita and Dhananjay, 2010) .
After shoot elongation, healthy regenerated shoots from both nodal explants and callus were transferred on MS and ½ MS media supplemented with different concentrations of IBA for root induction. In the present investigation, ½ MS + IBA (1.0 mg/l) performed best towards root induction (Table IV , Fig. 3 ).
After sufficient development of roots the plantlets obtained from Adhatoda vasica were successfully transplanted into small plastic pots containing sand, soil and cowdung (1: 1: 1). The survival rate of the transplanted plantlets was found to be about 80%. Same survival rate of acclimatized plantlets, was also reported (Raageeva & Shahnawaz, 2012) . Following proper acclimatization the plantlets were established in field condition (Fig. 4) . The in vitro regeneration protocol described here is easily reproducible, requires minimum hormonal supplements and genotype independent. Moreover, the regeneration of plantlets achieved without the intervention of callus and this clearly indicates the possibility of obtaining true to type plantlets. The technique 
